■ Brain activity was recorded while participants engaged in a difficult visual search task for a target defined by the spatial configuration of its component elements. The search displays were segmented by time (a preview then a search display), by motion, or were unsegmented. A preparatory network showed activity to the preview display, in the time but not in the motion segmentation condition. A region of the precuneus showed (i) higher activation when displays were segmented by time or by motion, and (ii) correlated activity with larger segmentation benefits behaviorally, regardless of the cue. Additionally, the results revealed that success in temporal segmentation was correlated with reduced activation in early visual areas, including V1. The results depict partially overlapping brain networks for segmentation in search by time and motion, with both cue-independent and cue-specific mechanisms. ■
INTRODUCTION
The human visual system is both flexible and limited in capacity. The visual environment is rich and presents more possibilities for visual analysis than the human brain can manage simultaneously (see Tsotsos, 1990 , for a mathematical analysis). Mechanisms of selective attention have thus evolved to allow the flexible prioritization and deprioritization of different subsets of the visual input, according to moment-to-moment task demands.
Many studies have examined these flexible mechanisms of selection using the visual search task, in which an observer must find a target among varying numbers of distractors (see Wolfe, 1998 , for a review). Search can be very difficult when the target is similar to a set of distractors (see Duncan & Humphreys, 1989 . Under these conditions of difficult search, performance is slow and shows strong effects of display size, as if each item must be selected and inspected individually using spatially selective mechanisms in order to determine target status (see Verghese, 2001; Treisman, 1988 , for models of serial search).
However, the search process is opportunistic, taking advantage of simplifying strategies where possible. When relevant and irrelevant items are distinguished by a salient feature, search can be confined to items with the target feature, and items without this feature can be filtered out, substantially speeding performance. Differences in stereoscopic depth (Nakayama, & Silverman, 1986) , motion (McLeod, Driver, & Crisp, 1988) , and strong color differences (e.g., saturated red vs. green; Wolfe, Cave, & Franzel, 1989 ) may all permit the selection of relevant groups. Additionally, in the preview paradigm, temporal differences in the presentation of the search display can be used to facilitate search. Specifically, if a set of irrelevant distractors is presented at least 400 msec before a later-appearing set, the earlier set may be effectively filtered out from search (e.g., Watson & Humphreys, 1997) .
The functional and neural mechanisms underlying efficient distractor rejection in each of these cases remain relatively poorly understood, although the temporal preview case has been perhaps most intensively studied (see Olivers, Humphreys, & Braithwaite, 2006; Watson, Humphreys, & Olivers, 2003) . One important open question is whether segmentation and filtering by different cues relies on common, cue-independent (see Wolfe & Horowitz, 2004 for one such proposal), or distinct cue-specific mechanisms (see McLeod et al., 1988; Nakayama & Silverman, 1986 , for stimulus-specific suggestions for the cases of motion and depth, respectively). The current article uses fMRI to separate out cue-invariant and cue-specific mechanisms contributing to segmentation by distinct transient cues in search, namely, a temporal preview and motion. McLeod et al. (1988) were the first to examine the guidance of search by motion. In one illustrative experiment, search for an R in Qs and Ps was difficult when the displays were static, but was substantially easier if the R and Qs moved, consistent with observers selecting only the moving parts of the display for subsequent analysis. McLeod et al. (1988) initially put forward a bottom-up account of this result, built on stimulus-specific properties. They suggested that participants could use area MT of the brain as a "motion filter," to represent only the moving items, thus filtering-out
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The University of Birmingham the static items. Because MT cells represent coarse form information along with motion (e.g., Livingstone & Hubel, 1987) , these cells can signal the presence of a form singleton among the moving items. According to this "motion filter" account, segmentation is based on stimulus-specific features coded in specialized brain regions, and the mechanisms involved should overlap rather little with those involved in segmentation by other cues. Ellison, Lane, and Schenk (2007) compared the effects of TMS on visual search for conjunctions of motion and orientation, as well as color and orientation. They showed that stimulation of parietal regions found to strongly disrupt color-orientation search failed to disrupt the motionorientation search condition, unless hMT/ V5 was also stimulated at the same time. These results support the special status of conjunction search involving motion, and are consistent with the role of hMT/ V5 as a motion filter.
Interestingly, not all motion cues give rise to efficient filtering in visual search. Cohen (1999) demonstrated that motion filtering required global displacement of the search items, even though cells in MT should respond to both local and global motion. Such results suggest that feature-specific filtering alone may not be sufficient to generate efficient search, and higher-level representations of surfaces, segmented by the visual cues, may be required to guide search (see Nakayama & He, 1995) . These higher-level representations may be cue-independent.
Time (Temporal Preview)
In addition to filtering based on the visual features of a set of items, a temporal difference between the onset of two sets of distractors (>400 msec) can be used to filter out early-appearing items, restricting search to later-appearing items (e.g., Watson & Humphreys, 1997) . Efficient filtering by temporal preview depends on participants attending to and then actively ignoring the initial distractors (e.g., Humphreys, Jung-Stalmann, & Olivers, 2004; Humphreys, Watson, & Jolicoeur, 2002; Watson & Humphreys, 1997) . Successful ignoring of the initial distractors is associated with activation of sites in the superior parietal lobe, the precuneus and cuneus, elicited in response to the preview display and preceding the search display (Allen & Humphreys, 2008; Olivers, Smith, Matthews, & Humphreys, 2005; Pollmann et al., 2003) , even on "dummy" trials in which the initial distractors are not followed by search displays (Allen, Humphreys, & Matthews, 2008; Pollmann et al., 2003) .
Currently, it is unknown whether the activation of posterior parietal cortex, found when search items are segmented by a temporal preview, reflects preparation for a temporal signal (e.g., the onset of the second, search display) or cue-independent processes involved in segmentation into relevant and irrelevant groups. Interestingly, fMRI studies indicate that there can also be early activation when participants prepare to select motion-defined targets, prior to the stimuli appearing (Serences & Boynton, 2007; Chawla, Rees, & Friston, 1999) , but whether these preparatory states are specific to the type of processing subsequently undertaken or reflect more general mechanisms is unknown.
The Current Study
To assess cue-specific and cue-independent processes involved in segmentation and search, we directly compared the brain activity related to segmentation based on either motion or a temporal preview in a search task. Irrespective of the type of segmentation, the basic task required search for a target defined by a conjunction of form elements: an inverted T embedded in upright Ts and 90°clockwise rotated Ts (Olivers, Watson & Humphreys, 1999; Humphreys, Quinlan, & Riddoch, 1989) . This is a difficult search task in which there is no simple featural difference between the target and any of the distractors. However, prior evidence indicates that when the two sets of distractors are staggered over time, search can be confined to just the new items (Olivers et al., 1999) . Additionally, other evidence (e.g., McLeod et al., 1988) indicates that motion may also be used to confine search to a moving set of letters in displays of heterogeneous moving and static letters. The current study manipulated the presence of motion and temporal preview segmentation cues to form three possible search displays. In the temporal preview segmentation condition, half of the items appeared for 2 sec followed by the remaining items and the target participants should thus actively ignore the earlier appearing letters to gain an advantage in search. In the unsegmented and motion segmentation conditions, there were also two displays, matching the display sequence in the temporal (preview) segmentation condition. However, in the motion and unsegmented conditions, the initial items changed their locations when the second, search display appeared. Hence, there was minimal incentive for participants to attempt to actively ignore the initial items (although they contained a temporal cue to the search display, matching the temporal preview segmentation condition). In the motion segmentation condition in the second display, half the items including the target moved down the screen and half the items were static, thus participants should select only the moving items. In the unsegmented condition, all the items in the second display were static, and so there were no salient cues for segmentation. Following Allen et al. (2008) and Pollmann et al. (2003) , a minority of "dummy" trials where the final search display did not appear were also included in order to isolate activity related to the first display alone.
METHODS

Participants
Sixteen participants were tested. Three were removed from analysis due to either poor behavioral performance or high head movement during data acquisition.
Design
Three possible conditions involving different opportunities for segmentation were compared within participants: motion segmentation, temporal segmentation, and unsegmented. Additionally, trials were either standard trials with two displays first and second (75%) or were dummy trials where only the first display was presented (25%). Display size was 8 or 12 items.
Stimuli
The displays contained items constructed from two white lines of identical size, one horizontal and one vertical (each 0.7°× 0.1°, at a distance of 65 cm), presented on a black background: inverted T (target), upright Ts, and 90°rotated Ts (distractors). Items were positioned in the cells of a regular 18 × 16 grid that subtended 15.3°× 12.7°(minimum separation 0.1°; see Figure 1 ). No item was permitted to fall in either of the two central columns of cells. To avoid collisions when items were in motion, no more than one item appeared in each vertical column; the same constraint did not apply to horizontal rows. In all displays, the items were distributed evenly across the left and right sides of the screen.
In all conditions, the majority of trials consisted of two displays (2 sec duration). The first display was composed of (4 or 6) upright T distractors. The second display contained double the number of items (8 or 12), half the items were upright T distractors, and the remainder of the items were 90°clockwise rotated T distractors, and the inverted T target (always present equally often on the left and the right).
In the temporal segmentation condition, the positions of the upright T distractors were held constant across the first and second displays, and participants should thus try to exclude the early-appearing distractors from search. In the motion segmentation and unsegmented conditions, there was no relation between the positions of the upright T distractors across displays, and the first display was thus uninformative. In the unsegmented and temporal segmentation conditions, all items in the search display were static. In the motion condition in the second search display, the upright T items remained static whereas 90°ro-tated Ts and the inverted T target moved down the screen at a constant speed of 3.2 deg/s (1 pixel every frame at 60 Hz). Items were permitted to move through an additional two rows or 1.7°below the bottom of the initial grid before scrolling off the bottom and reappearing gradually at the top of the grid. Participants could thus use motion as a cue to guide search.
In order to be able to measure preparatory brain activity to the first display only, "dummy" trials where only the first display appeared were included as a random 25% of trials in all blocks. On these trials, only the first display was presented and participants made no response and simply waited for the next trial. Because the timing of these trials was unpredictable to the participant, only in the temporal segmentation condition should the initial display be treated as an informative preview.
Procedure
All participants took part in three functional scans (see Imaging Methods), each containing all conditions. Each condition was presented in a separate block of 16 trials, and each subject was presented with the conditions in a different order in each scan.
Participants were trained and practiced the task outside the scanner during the week prior to the scanning session. At the start of the experiment, participants were introduced to the scanner and reminded of the instructions. At the start of each trial block, a cue on the screen (3.5 sec duration) informed participants about the status of the first display. For blocks of trials in which the first display was irrelevant (i.e., motion segmentation and unsegmented conditions), the cue "DUMMY" appeared. For the temporal segmentation condition, the cue "PREVIEW" appeared. Each trial began with the presentation of a fixation cross for 0.5 sec. Trials within blocks were separated by a period of between 2 and 22 sec (the duration was varied to optimize the imaging analysis). Three possible sequences of intertrial intervals were created, using optseq software (http://surfer.nmr. mgh.harvard.edu/optseq), and the sequences were assigned to blocks in a different order for each participant.
Participants responded to the search display by deciding if the target item appeared on the left or on the right by pressing one of two buttons held in the right hand. Set size was randomized in each block such that half of the trials contained 8 items and half contained 12 items. Any response occurring after the presentation duration of the search display (i.e., 2 sec) was recorded as incorrect.
MRI Data Acquisition
Imaging data were acquired using a Phillips 3-T Achieva scanner at Birmingham University Imaging Centre. A T1-weighted 1 × 1 × 1 mm anatomical image was acquired for each participant. For the functional scans, three T2*-weighted functional echo-planar imaging data were obtained using an eight-channel SENSE head coil with a sense factor of 2. Each scan consisted of 370 volumes (TR = 2000 msec) of 34 slices, oriented just off axial, collected in ascending order (resolution = 3 × 3 × 3 mm voxels, TE = 35 msec, flip angle = 65°, field of view = 240 × 240 × 102 mm). At the beginning of each scan, at least two dummy scans were collected to allow stabilization of the magnetic field. Data from these scans were discarded.
MRI Data Analysis Methods
f MRI data processing was carried out using fMRI Expert Analysis Tool (FEAT) Version 5.91, part of FSL (FMRIBʼs Software Library; www.fmrib.ox.ac.uk/fsl).
For each participantʼs structural scan, nonbrain matter was removed using BET (Smith, 2002 ). This structural brain was then registered to the MNI template using FLIRT ( Jenkinson, Bannister, Brady, & Smith, 2002; Jenkinson & Smith, 2001) . For the functional scans, we applied motion correction using MCFLIRT ( Jenkinson et al., 2002) and nonbrain matter was removed using BET (Smith, 2002) . Prior to further analysis, the functional images were spatially smoothed with a Gaussian kernel of twice the voxel size (i.e., FWHM 6.0 mm). The entire 4-D data set from each scan was then grand-mean intensity normalized by a single multiplicative factor and a high-pass temporal filter applied (Gaussian-weighted least-squares straight line fitting, with sigma equal to 100.0 sec). Finally, the functional scans were registered to their participant specific anatomical scan and then the MNI standard brain using FLIRT ( Jenkinson et al., 2001 ( Jenkinson et al., , 2002 .
Each condition was modeled as a separate regressor, with the trials modeled as separate events. Contrasts between conditions were modeled within scan and then averaged separately across scans for each participant using a fixed effects model, by forcing the random effects variance to zero in FLAME (FMRIBʼs Local Analysis of Mixed Effects; Woolrich, Behrens, Bedell, Jenkinson, & Smith, 2004; Beckman, Jenkinson, & Smith, 2003 ). Group analysis data were then averaged using mixed effects analysis in FLAME stage 1 (Woolrich et al., 2004; Beckman et al., 2003) . Z (Gaussianized T/F) statistic images were thresholded using clusters determined by Z > 1.7 and a (corrected) cluster significance threshold of p = .05 (Worsley, Evans, Marrett, & Neelin, 1992) .
RESULTS
Behavioral Data
Error rates were relatively high (between 3% and 14% across the conditions). It is likely that the strict response deadline imposed by the scanning procedure inflated errors in some conditions (e.g., unsegmented) more than others (responses after the deadline were recorded as errors). This is a problem encountered in similar fMRI search studies (Allen et al., 2008) . For the behavioral analysis, we corrected response time by accuracy and analyzed efficiency, that is, response time/accuracy (see Townsend & Ashby, 1983) .
Incorrect RTs, and RTs more than 2 standard deviations from the mean of each cell of the design (4.2%) were excluded, trials where no response was made within the 2-sec time window were treated as errors. Efficiency was then calculated as RT/proportion correct. A 3 × 2 within-participants ANOVA was conducted on the efficiency scores (Figure 2 ) with the factors of condition (preview, motion, neither) and display size (8, 12). There were reliable main effects of condition [F(2, 24) = 25.543, p < .0001] and set size [F(1, 12) = 22.304, p < .0001], but no interaction between the two (F < 1).
A series of planned contrasts (one-way repeated measures ANOVA) explored the overall difference between each pair of conditions. The presence of motion segmentation cues alone and the presence of an informative preview alone facilitated performance relative to when neither was present [motion: F(1, 12) = 20.5, p < .001; preview: F(1, 12) = 44.6, p < .0001]. The preview was more beneficial than the motion segmentation cue [F(1, 12) = 11.1 p < .01].
fMRI Data
In our analysis and in contrast to some other previous studies of preview search (e.g., Allen et al., 2008) , we were able to consider activation of the whole brain. The analytic strategy was as follows: We first considered preparatory activation by considering activation to the trials where only the first dummy display appeared, in each of the conditionstemporal segmentation, motion segmentation, and unsegmented. We then went on to consider activation in the nondummy two display trials, again for each of the segmentation conditions, compared to the unsegmented baseline. Finally, we consider correlations (positive and negative) between brain activation and behavioral performance.
Preparatory Activation
We isolated activation that was specifically related to the first displays (i.e., in the first display only "dummy" trials) and brain activations that were specific to each of the temporal and motion segmentation conditions (e.g., motion-temporal-unsegmented and temporal-motionunsegmented).
In the motion segmentation condition, there was no significant preparatory activity above that of the unsegmented baseline (also true in a simpler comparison of motionunsegmented). In contrast, there was significant preparatory activity in a network of brain areas in the temporal segmentation condition (see Figure 3A and Table 1 ).
In the temporal segmentation condition, the active preparatory areas consisted of a widespread network, including parts of the precuneus and cingulate cortex. Importantly, the site of activation found in the precuneus (illustrated in the left panel of Figure 3 ) is close to the critical preview activation found in this region in previous studies (e.g., Allen et al., 2008) . Sites centered around the temporo-occipitalparietal junction were also active (lateral cluster in Table 1 ; right panel in Figure 3 ). There were some small foci of activation in frontal cortex, as well as activations in the cerebellum and in the thalamus (illustrated in Figure 3) . In stark contrast, there was no preparatory activity at all in the motion segmentation condition. The data indicate that the preview search condition involved greater active preparation than the motion condition. Unlike in some prior studies (e.g., Chawla et al., 1999) , there was no evidence for any significant top-down modulation or baseline shift behavior in the motion condition prior to the onset of the motion displays.
Search Activation
In a second set of analyses, we considered activity for the trials where two displays were presented, pooling activation for both the first and the second displays (using 4-sec trial regressors treating the onset of the first display as time 0). We isolated the brain areas that showed greater activation in either the motion segmentation or the temporal segmenta- tion conditions, compared to the unsegmented baseline. By comparing the two classes of segmentation, we identified areas common to both kinds of segmentation task (see Figure 3B and Table 2 ).
Temporal segmentation (preview). The analysis revealed a network of brain areas active during the temporal segmentation search task compared with the unsegmented baseline. Firstly, there was a set of medial brain areas including parts of the precuneus extending anteriorly into cingulate cortex. Secondly, there was a set of activations in frontal cortex corresponding to several distinct foci, superior and medial frontal gyri in both the left and the right, as well as a distinct focus in the right frontal pole. Thirdly, there was subcortical activation in the thalamus. Prior studies of search with temporally segmented displays have not used whole-brain analyses (e.g., Allen et al., 2008) , and thus, they may have failed to detect the frontal activity observed here. The preparatory activity associated with temporal segmentation only overlapped to a small extent with the activity found here in the full search task. The primary focus of the preparatory activity measured in the precuneus in the "dummy" trials was adjacent but dorsal to the precuneus activity in the search task. Thus, from the current data, it appears that distinct areas are involved in (i) the preparation for ignoring old distractors and/or prioritizing new stimuli under preview conditions, and (ii) the guidance of search to targets on the basis of the initial segmentation.
Additionally, areas in the temporo-parietal junction (TPJ) that were active in the preparatory case were not active in the search display. Corbetta and Shulman (2002) have argued that the TPJ acts as a "circuit breaker," responding to the onset of new, behaviorally relevant stimuli. In the case of temporal segmentation, this region may be activated by the onset of the initial, behaviorally relevant distractors. It will not be activated by the occurrence of the initial distractors in the motion segmentation condition, however, as these items are behaviorally irrelevant. In search, any enhanced activation in the temporal segmentation condition may be balanced against greater activation through the more prolonged search in the unsegmented condition. The net result is no effect on the TPJ in search in the temporal segmentation condition. The TPJ does show activity in relation to successful preview search, when brain activity is probed with more fine-tuned regressors derived from computational models of search (Mavritsaki, Allen, & Humphreys, 2010) .
Also, in contrast to the preparatory activation (in the temporal segmentation condition), the search analysis revealed more widespread activation in the cingulate and more activity in more anterior frontal regions (in temporal segmentation compared with the unsegmented search condition). These frontal regions may be important in maintaining the search goal to ignore the old distractors (see Corbetta & Shulman, 2002) . In contrast to previous work (e.g., Olivers et al., 2005), we did not observe activation in the superior parietal lobe in the temporal segmentation search task Coordinates of activation during the first display of the temporal segmentation condition, that is, temporal segmentation first display only trialsmotion segmentation first display only trials-unsegmented first display only trials. Note that there were no significant areas activated in the equivalent contrasts for the motion first display trials, or unsegmented first display only trials.
(although this area did correlate positively with segmentation benefit, see below).
Motion segmentation. The motion condition also revealed activation in an extensive network of brain regions. Similarly to the temporal segmentation condition, this included activity in a set of medial brain structures including the cingulate and the precuneus. Importantly, we also observed activations in the lateral parietal lobe on the right including the supramarginal gyrus, and in areas of right temporal cortex, corresponding to motion processing areas (e.g., Huk, Dougherty, & Heeger, 2002; Tootell et al., 1995) .
Contrasting temporal and motion segmentation.
A clear result emerged when we analyzed the overlap across the conditions (relative to the unsegmented baseline), with a large area of the precuneus being active for both Coordinates of activation during both displays of each condition compared to both displays of the unsegmented condition.
temporal and motion segmentation. There were also areas involved in search involving temporal but not motion segmentation and in search involving motion but not temporal search. The frontal activations found for temporal segmentation (preview search) were not seen in search under motion segmentation conditions (confirmed by a direct subtraction of the two conditions, p < .05). Given the role of frontal structures in control processes (e.g., Corbetta & Shulman, 2002) , this finding supports the idea that the motion search involves a smaller contribution of executive control processes relative to temporal segmentation. There were also parietal activations and activations in temporal cortex that were present for motion but not temporal segmentation (preview search). The parietal activity here may reflect attentional tracking of moving items (Culham et al., 1998) . The activations in posterior temporal cortex are likely related to the activations in low-level motion processing areas. (e.g., Huk et al., 2002; Tootell et al., 1995) .
Correlations with Behavior
For each participant, the difference in efficiency (RT/proportion correct) between the cued condition (i.e., temporal, or motion segmentation) and the unsegmented baseline condition was taken as a measure of the benefit gained from the segmentation cue. We used these (demeaned) values as a new regressor in the f MRI data analysis to investigate whether there are areas that are more active when participants benefit more from preview (see Figure 4 ; statistics as in the fMRI Methods section).
Positive correlations. In the temporal segmentation condition, activation in the precuneus and cingulate, extending laterally to the superior parietal lobe on the right, correlated positively with the magnitude of the benefit (see Figure 4 and Table 3 ). The areas positively correlated with the motion segmentation benefit were more extensive. Similar to the temporal segmentation condition, there was a large area of the precuneus as well as areas within the superior parietal lobe (although in this case the activation was bilateral) extending into the inferior parietal lobe, that correlated positively with magnitude of benefit. There were two major foci of overlap between the areas that correlated positively with segmentation benefit in each of the two segmentation conditions. Firstly, there was a large area of the precuneus that corresponded closely to the area of the precuneus overlapping in both tasks in the previous analysis of activation in search. There was also a second area of overlap in the right superior parietal lobe. This last result links to prior studies of preview search, where superior parietal activity has been associated with Figure 4 . Areas showing more BOLD activity in participants with greater benefits from segmentation (A) Activity during search that covaried positively with segmentation benefit. Activity during both the first and second displays. Red-yellow: Temporal segmentation activity greater than unsegmented search activity. Blue-light blue: Motion segmentation activity greater than unsegmented search activity. Green: Overlap between red and blue. Crosshairs at −2, −56, 32. (B) Activity during search that covaried positively and negatively with preview segmentation benefit. Activity during both the first and second displays. Redyellow: Temporal segmentation activity with significant positive covariation with benefit, replotted. Blue-light blue: Temporal segmentation activity with significant negative covariation with benefit. In both cases, preview activity was compared to unsegmented condition activation. Crosshairs at 0, −52, 18. Images are in radiological format, that is, participant's right is shown on the left. Coordinates of activation during both displays of each condition compared to both displays of the unsegmented condition.
contrasts between preview and nonpreview search conditions (e.g., Allen et al., 2008) .
Negative correlations. In the temporal segmentation condition, activation of a largely symmetrical patch of occipital cortex, including parts of the calcarine sulcus and lingual gyrus, corresponding to area 17 or V1 and some extrastriate cortex (see Figure 4 and Table 4 ), correlated negatively with the behavioral benefit. No areas were negatively correlated with the behavioral benefit in the motion condition.
The outcome of this analysis is particularly striking. Larger benefits from temporal segmentation correspond to lower activation in early visual processing areas including primary striate cortex. This is not the case when search benefits from motion segmentation. This is the first evidence to tie the preview benefit specifically to lowered activation in early processing areas. The finding also dovetails nicely with psychophysical evidence that the preview benefit is associated with changes in sensory processing at the locations of distractors (e.g., Allen & Humphreys, 2007a , 2007b . The results are consistent with distractors in preview search having attenuated processing (Watson & Humphreys, 1997) , and more so than distractors which are rejected under conditions of motion segmentation.
DISCUSSION
The current study compared the brain mechanisms underlying visual search where distractors could be segmented by time (under preview search conditions) and motion. Although search was substantially easier in the temporal and motion segmentation conditions, several brain areas showed raised levels of activation when the segmentation cues were present. In the temporal segmentation condition (preview search), two sets of activation were separated. The first pattern of activation revealed a mostly parietal preparatory network where activation was raised when an informative preview occurred (compared with a noninformative baseline). The exact locus of the parietal activation found here was close but not identical to activation previously reported in preview search (Allen et al., 2008) . These slightly different loci likely reflect small differences in the experimental and analytical approaches used (e.g., relatively larger face and house stimuli in Allen et al., 2008 , compared with visually similar letters here). The preparatory activity in the preview condition is consistent either with participants inhibiting the initial distractors so they do not compete for selection with the new items, or with an expectancy being set for the properties of the new items (e.g., for new onsets).
In contrast to preview search, there was no evidence for greater preparatory activation in the motion condition compared with the unsegmented search baseline. This finding suggests that segmentation by motion does not involve preparation that is any different to the static search condition. Previous research has suggested that attention to motion is associated with increased activation or "baseline shifts" in motion processing areas (Serences & Boynton, 2007; Saenz, Buracas, & Boynton, 2002; Chawla et al., 1999) . In the present case, however, the processes responsible for motion segmentation appear to operate in a fashion time-locked to stimulus onset rather than requiring active preparation.
In addition to these important differences in preparatory activity, analysis of activation associated with search performance revealed both common and distinct areas involved when temporal and motion segmentation occurred. In preview search, there was extensive frontal activation that was absent when motion segmentation occurred. This is consistent with the argument that there is greater top-down control when temporal rather than motion segmentation takes place (see Corbetta & Shulman, 2002) . In the motion but not in the preview case, there were also more rightlateralized superior parietal activations and activations in right-lateralized stimulus-specific motion processing areas in occipito-temporal cortex. We attribute these activations to (i) attentional tracking of the moving objects (e.g., Culham et al., 1998) , and (ii) the recruitment of motion processing regions (e.g., Huk et al., 2002; Tootell et al., 1995) -processes demanded by the motion segmentation conditions.
As well as these distinct regions, several common areas were recruited in both tasks. Firstly, there was a region of the precuneus that was activated in both segmentation conditions compared with the unsegmented baseline. In addition to showing common activity in the temporal and motion segmentation conditions, this region also had an activity profile that was positively related to the magnitude of the behavioral benefit in each task (for temporal and for motion segmentation). Secondly, an area of right superior parietal cortex, primarily activated in the motion task, was also positively correlated with performance in both segmentation conditions. Coordinates of activation during both displays each condition compared to both displays of the unsegmented condition. Note that there were no areas significantly activated in the motion segmentation condition.
Concerning the activation found in the precuneus, the precuneus shows increased brain activation in a range of tasks (see Cavanna & Trimble, 2006 for a review) including visuospatial imagery (e.g., Suchan et al., 2002) . In their f MRI study of preview search, Allen et al. (2008) further demonstrated that a common area of the precuneus was activated both by preview search and by a spatial working memory task, with the preview benefit being disrupted by a spatial working memory load (see also Humphreys et al., 2002) . One likely role played by the precuneus here may be to code a spatial representation of the distractor locations, allowing them to be filtered from search. Using behavioral data, Olivers et al. (1999) provided evidence that the preview benefit in the context of the current search task (e.g., conjunctions of form elements) was largely spatially based and dependent on a representation of the layout of the previewed items; a spatial "template." It is possible that the locations of the static distractors are similarly coded in motion search, and this is again mediated by the precuneus. An alternative view is that the precuneus codes the presence of separate surfaces formed by the segmented items, and codes the distinction between relevant and irrelevant groups, enabling one segmented set of items to be attended selectively (e.g., Nakayama & He, 1995) . Now consider the region within superior parietal cortex that showed a positive correlation with performance in both temporal and motion segmentation tasks. Previous work has shown that this area is important in shifting attention both in space and between different visual features (see Serences, Liu, & Yantis, 2005) . Here superior parietal cortex may be involved when attention is switched into the relevant segmented group (the moving or the new items). This switching function may be additional to a role in multiple object tracking.
There were no brain regions that were negatively correlated with the motion search benefit. However, there was clear evidence for a negative correlation in the preview condition. In particular, the magnitude of the search benefit for the preview condition increased as there was reduced activity in early visual areas (including striate cortex). This deactivation may reflect the inhibition of distractor locations in preview search (see Watson & Humphreys, 2000 , for behavioral evidence from probe detection, and Allen & Humphreys, 2007b , for evidence on contrast discrimination). An alternative proposal is that the apparent deactivation reflects the greater eye movements used in search compared with the preview condition. However, if eye movements were critical, then we would expect to see (negative) correlations between performance under preview conditions and activity in areas traditionally linked to eye movements, such as the frontal eye fields; there was no evidence for this. It is also difficult to see that a strategy of not making eye movements would only be employed under preview conditions. Any suppression of distractors was less evident in motion search. It may be that bottom-up segmentation in the motion case is sufficient for effective filtering, although we cannot rule out the possibility that early deactivation is present but somehow masked by the dynamic nature of the moving stimuli. Future research using other more sensitive techniques may reveal similar deactivation in the motion case. Recently, other authors have reported deactivation of visual cortex in response to unattended locations (e.g., Sylvester, Jack, Corbetta, & Shulman, 2008; Serences, Yantis, Culberson, & Awh, 2004) . The present study is the first to link deactivation in early visual cortex to preview search.
In their study of preview search, Allen et al. (2008) considered a case of search where the previewed and search items were selected from different categories known to activate distinct functional regions of the brain (faces and houses). They found that previewing the distractors led to increased activation in stimulus-specific processing regions and this increase in activation was correlated with improved performance. These increases in activation contrast with the decrease in activation in V1 found in the current study. The functional significance in the difference in polarity of the stimulus-specific activations observed in the two studies is unknown, although it is possible that the active stimulus-specific regions (e.g., the fusiform face area) may "drive" inhibition in earlier brain regions. It also should be noted that this increase in activation was found during the first preview display as compared to the decrease in activation over the combined first and search displays. However, we should note that increases or decreases of activation may not be straightforwardly linked to behavioral psychophysical inhibition or facilitation. This remains a crucial topic for future research.
Conclusions
Our data suggest the following functional account of search when sets of distractors are segmented. To benefit from temporal but not from motion segmentation cues, individuals must prepare effectively to either ignore old items or to prioritize the selection of new stimuli. Successfully prepared individuals may be able to suppress old items, and this is associated with reduced activation in V1. In displays segmented by motion, however, the bottom-up signals may be sufficient to filter out irrelevant distractors, although these items still appear to activate early visual regions. Regardless of cue type, a region of the precuneus shows increased activation to the segmented compared to nonsegmented displays and correlates with behavioral performance. The precuneus activation likely corresponds to a spatial representation of the to-be-rejected distractors and/or a representation of segmented surfaces.
